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High-energy charge exchange (CX) particles 
bombarding the plasma facing wall may cause not only 
surface sputtering but also damage inside the materials 
due to its rather high energy. We have shown that 
CX-hydrogen caused the microscopic radiation damage 
in metallic specimens exposed to the long-discharge 
hydrogen plasma of the TRIAM-IM tokamak. In the case 
of burning plasma, we should take into account the 
effects of helium because it is well known that helium 
atoms have much stronger effects on material damage 
than hydrogen atoms. Helium has been used for plasma 
experiments as fueling gas or for a helium glow discharge 
wall conditioning in the LHD. In the present work of this 
year, helium plasma irradiation experiments were carried 
out using a water-cooled collector probe system, which is 
installed in the TRIAM- IM by a NIFS collaborative 
research. Microscopic damage of metals exposed to long 
pulse discharges of helium plasma was studied and 
discussed the impact on the hydrogen recycling process 
by comparing with the helium ion irradiation 
experiments. 
TRIAM-I M is an ultra-long discharge 
tokamak with poloidallimiters and an open divertor made 
of molybdenum. The probe head with various 
probe-specimens on the water-cooled collector probe 
system was inserted in the scrape-off layer through a 
horizontal port; 11 mm behind the poloidal limiter 
surface. In order to collimate the particle incident 
directions and to avoid the effects of charged particles, 
the probe-specimens were placed in the deep holes at the 
plasma facing side (P-side). Each hole directs to different 
directions from the bottom to the top and from the left to 
the right of the plasma with semiangle of 14 degrees. 
Some specimens were directly mounted on the surface of 
P-side and the electron drift side (E-side) of the probe 
head. 
Pre-thinned vacuum-annealed molybdenum 
and tungsten disks of 3 mm were used for the damage 
analysis and bulk copper plates for the detection of 
implanted helium. They were exposed to successive 
long-pulse helium discharge (limiter configuration) 
sustained by lower hybrid current drive (8.2 GHz). 
Typic01asma parameters were as follows; T('-'0.25 
keY, ne ------ 1.6x 1 01 9/m\ Ip ------24kA. The typical duration 
time of each discharge was about 7s and the total reached 
218 
125s (18 discharges). The temperature of the probe head 
during discharges was almost constant at 24°C. 
After the discharge experiments, the 
microstructure of the pre-thinned specimens was 
observed by means of transmission electron microscopy. 
Figure I shows radiation induced defects in the 
molybdenum specimens directly placed on the probe 
surface at P-side. Considerably larger amount of 
dislocation loops (black images in (a» and very dense 
fine bubbles (white image in (b» were formed. Such 
heavy damage has not been observed in hydrogen plasma 
discharge experiments more than one hour. The amount 
of retained helium was estimated to be 3.9x 1 02oHe/m2 
from the thermal desorption experiment. This means that 
the average flux of the helium at the plasma facing 
surface is at least 3.1 x I 018He/m2s. 
Fig. I. TEM image of radiation damage in molybdenum 
placed on the surface at the P-side. (a) image at 
small s condition. (b) image at large s condition 
Observation of the molybdenum specimens 
placed in the holes showed that only dislocation loops 
were formed because the fluence is much lower than the 
case of Fig.1 due to smaller solid angle opened to the 
plasma. It is notable that the defects were formed with 
strong directional dependence. Namely, considerable 
amount of damage was observed in the specimens 
directing to the bottom side (-45 degrees) and the plasma 
center (0 degree) while almost no visible damage for that 
directing to the top side (45 degrees). Similar up-down 
asymmetric damage was also observed in hydrogen 
discharges. These results indicate that energetic 
CX-neutrals with energy enough to cause radiation 
damage were mainly formed in the lower half of the 
plasma due to the gradient B drift of high-energy ions. 
The localized formation of energetic CX-neutrals at the 
lower half of the plasma indicates stronger sputtering and 
radiation damage at the bottom of the torus. 
According to the recent irradiation experiments 
with helium ions at 0.25keV and 8keV, formation of 
dense helium bubbles drastically enhances hydrogen 
trapping and makes the desorption difficult. The preset 
result of easy formation of dense helium bubbles under 
helium plasma discharges indicates the hydrogen 
recycling phenomenon during the burning plasma 
discharge must be quite different from that of the 
hydrogen plasma discharge experiments. 
